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Abstract 
The Radio Frequency Identification (RFID) has been increasingly used in order to leverage aspects related to products and 
services such as: safety, convenience, authentication, process efficiency. As its name suggests, the basis of this technology 
is to use the instrument of communication by radio frequency data transmission. Application of such technology in cases of 
theft prevention products, access control of people, payments, product management, process management and monitoring/ 
tracking/ supply chain integration, are evidence of their increasing economic viability, especially considering the continuous 
and progressive increase in the use of scale. Considering the growing global concern about a more efficient management of 
natural resources and their recycling, this paper presents cost assessment and benefits of using RFID in Reverse Logistics of 
electronics waste (e-waste), specifically in Brazil. 
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1. Introduction 
According to the United Nations Environment Programme [1], an efficient economy in the use of natural 
resources and a socially inclusive economy should result in improved human well-being and achieving social 
equity, while respecting the carrying capacity of the environment. 
In line with the aspects of economic efficiency, equity and risk mitigation of environmental impacts, 
Marcondes and Bacarj [2] created a corporate sustainability index aiming to establish a favorable climate for 
investments compatible with sustainable development contributing to greater commitment and social-
environmental responsibility of corporations. 
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Converging towards this responsibility and commitment to the environment with the issues of minimizing 
environmental impacts, Radio Frequency Identification (RFID) management tool has emerged which is 
increasingly used in monitoring, tracking and supply chain integration. 
RFID opens growing space for technological progress enabler of a cooperative ecosystem combined with 
products transportation integrated management, but with promising potential in the reverse way, namely: the 
return of these when "exhausted" and now classified as waste by their generators, provide opportunities to 
Reverse Logistics (RL) strategies [3]. 
According to Reverse Logistics Executive Council [4], RL consists of a process of planning, implementation 
and control of raw materials flow in process and finished products (and its information flow) of the consumer 
to the supplier with the goal of recapturing value or conduct proper disposal if there is no way to use this 
material. 
A convergence towards a responsible environment and commitment, in terms of environmental impacts, also 
occurs in the Waste Electrical & Electronic Equipment management (WEEE) mainly targeting additional gains 
in competitiveness and economic efficiency, as stated by Mazon  et al.[5]. It is important to highlight the role of 
the electronics industry as an inducer of sustainability rooted mainly in the efficient management of WEEE [6-
7]. 
In the case of solid waste in Brazil, the mechanism for monitoring/tracking/integration are defined in Law 
12305/2010 that established the National Policy on Solid Waste - PNRS (acronym in Portuguese), but still 
require further interactivity, limiting to gather information through declaratory inventories and systems 
obviously insufficient to monitor in real time the process of solid waste management in Brazil [8]. 
Therefore the purpose of this article is to show the results of an assessment of costs and benefits generated 
from the application of RFID in Reverse Logistics WEEE, in a contrast to the current model of 
monitoring/tracking /ongoing integration in Brazil. 
The relevance of this assessment lies in the fact that the current proposed model and in operation in Brazil, 
regulated by Law 12305/2010, lacks dynamic and interactive controls making it essential the knowledge of 
costs and benefits of implementing RFID as a response option to the challenges imposed by the increasing 
volume of generation of WEEE. 
The research methodology requires the existence, in every batch of WEEE, a passive RFID tag having in its 
basic structure a microchip associated with a signal transmitting antenna (transponder) enabling communication 
with a microcomputer server system. In this scenario - and without considering the possibility of damage to the 
transponder - costs and benefits are evaluated by comparing the current WEEE management system with the 
option to use the radio frequency identification technology in monitoring/tracking/integration of these wastes. 
After discussions on the applicability of RFID in RL is concluded that additional economic efforts are 
needed in solid waste management in Brazil aiming to reach the desired environmental targets by the 
Government, and that the use of smart technologies in solid waste management should apply mutatis mutandis 
to the management of products, people, processes and payments, as a means of demonstrating the country's 
commitment to the preservation of the natural capital of the planet. 
This paper is organized as follows. In Section 2 it covers topics related to the WEEE management, in 
Section 3 is portrayed the exploitation strategy of WEEE, in Section 4 is contemplated the proposal to establish 
RFID technology in WEEE management, in Section 5 is presented the economic analysis of a possible 
introduction of RFID technology in WEEE beneficiation, in Section 6 the final considerations of the research 
are presented, and finally the references consulted are informed. 
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2. The management of Waste Electrical & Electronic Equipment (WEEE) 
The management of solid waste in the world - especially WEEE associated with the so called, e-waste, has 
been based in an attempt to reduce the problem of increasing generation through standardization of recycling 
processes and standardization of laws of each country [9]. There is a return potential (financial and marketing, 
for example) to producers of WEEE, but the fact is that the form of management of such waste is still strongly 
influenced by the current legislation, especially when it comes to RL [10]. In fact, an issue that stands out is: 
the importance of WEEE management would be the potential environmental impacts or the additional gains 
with recycling? 
The WEEE are composed of plastic, glass, electronic components and various types of highly toxic heavy 
metals, resulting in two risks: 
a) Contamination of consumers using obsolete equipment at home and the people involved with the 
collection, sorting and recycling of products; 
b) Environmental contamination, because even in landfills, the contact of heavy metals with water 
contaminates the leachate. Penetrating into the soil, this material may contaminate groundwater or 
bioaccumulate in living organisms. 
Is important to emphasize, however, that the way in which these elements are found in WEEE does not 
constitute direct dangerousness unless they are placed in contact with reagents or environmental conditions that 
provide the occurrence of chemical transformation. Those wastes can be classified as non-hazardous unless the 
existence of leaching tests proving the opposite for specific WEEE. In other words, the fact that a product has 
metals or other substances in its composition, does not necessarily imply the same be hazardous [11-12]. You 
need to know what state (physical, oxidation, etc.) these metals and other substances are found. 
Electronics Takeback Coalition [13] stated that the WEEE produced until 2014, accounted for about 5% of 
the waste produced in the world, where computers and mobile phones in recent years would be occupying 
increasing percentage in this category of waste. 
Based on the earlier information you can see that the global interest in WEEE in fact is not only in the 
prevention of potential environmental impacts of components, but the volume of e-waste produced and perhaps 
most importantly, the economic value that their components are providing opportunities to generate profit. 
The mass of capital stored in appropriate places or inappropriate around the world and in a diffuse form 
resembles a field where exhaustible natural resources have very low concentrations causing it to be unattractive 
for exploration. 
Is necessary to increase the concentration of WEEE on particular locations, which enables WEEE 
management be more efficient, including improvements in the collection, transportation and receipt of waste. 
The concentration of WEEE provides attractiveness opening the possibility of a return of an asset exhaustible 
observing now its opportunity cost causing it to grow in proportion to the increase in market interest rates. 
This is exactly the scenario that arises usefulness of RL in WEEE management, because as WEEE are seen 
as a resource, there is room for the establishment of a tripod for the WEEE management, constituted by 
resources for knowledge and property (assets); RL processes itselves; and skills in information management, 
innovation and responsiveness [14]. 
2.1.  Exploitation strategy of Waste Electrical & Electronic Equipment (WEEE) 
The term exploitation is the use of exhaustible natural resources or non-exhaustible, in order to promote 
activities such as processing, refining, processing and process improvement [15]. A strategy to exploit 
something taking economic advantage only makes sense in case of WEEE due to the volume generated 
annually of these and the possibility of gains from the sale of their respective components. 
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In terms of WEEE generation, the USA led the ranking with a production of 9.4 million tons per year, 
followed by China with generation of 7.3 million tons [16]. Brazil produced 1.4 million tons of WEEE. In 
Europe, Germany led the generation of WEEE with 1.9 million tons. On the African continent, South Africa 
was the leader in the generation of WEEE with 0.34 million tons a year and Oceania, Australia led with annual 
generation of WEEE of 0.57 million tons. 
With this generation growth expectation in Table 1 is shown the total generation of WEEE in the world in 
2010 by e-waste generated. It is noteworthy that, for the present study it was considered only televisions, 
computers and mobile phones because, among the electronic universe produced in Brazil are the most produced 
and consumed, thereby generating more WEEE [17]. 
Table 1. Electronic waste quantity in tones, dropped in 2010, and the recycling rate depending on the amount of e-waste generated. 
 
E-waste 
Waste (in tons) Recycling rate = R / (R + Ut) 
(% by weight) Recycled (R) Untapped (Ut) 
Televisions 181,000 864,000 17 
Computers 168,000 255,000 40 
Cellphones 2,240 17,200 11 
Total 351,240 1 136,200 31 
Source: Electronics Takeback Coalition [13]. 
To calculate the Net Present Value (NPV) of the WEEE is necessary to obtain the recyclable components found 
on the same and its value in the market. Table 2 shows the percentage by mass of the main constituents 
economically viable to recycle in TVs. 
Table 2. Recyclable percentage of typical elements present in Television’s components. 
 
Components Al Cu Pb Zn Ni Fe Plastic Glass Ag Au 
% by weight 1.20 3.40 0.20 0.30 0.038 12 26 53 0.02 0.01 
Source: United Nations Environment Programme [1]. 
Table 3 shows the weight percentage of the major economically feasible to recycle constituents found in 
computers. 
Table 3. Percentage of typical recyclable components found in computers. 
 
Components Plastic Pb Al Fe Sn Cu Zn In Au Ru Co Pd Ag Se 
% by weight 4.60 0.30 11.20 16.00 0.70 6.30 1.20 0.0096 0.0016 0.0013 0.0134 0.0003 0.0185 0.0011 
Source: United Nations Environment Programme [1]. 
 
The components: germanium, gallium, barium, nickel, tantalum, vanadium, beryllium, Europium, Tritium, 
Manganese, Antimony, Bismuth, Chromium, Cadmium, Niobium, Yttrium, Rhodium, Mercury, Arsenic and 
Silicon showed no percentage of recycling and for that reason it were removed from the table. 
Finally, in Table 4, the weight percentages of the major economically feasible to recycle into cellular 
constituents are displayed. 
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Table 4. Percentage of typical recyclable components found in cellphones. 
 
Components Plastic Cu Ag Au Pd Others Metals Other Non Metals 
% by weight 4.95 2.20 0.0385 0.0033 0.0015 1.65 0.099 
Source: Adapted from Schluep et al. [18]. 
Considering the market values obtained by Index Mundi [19] for each component of televisions, computers 
and mobile phones, it is estimated that the net amount of WEEE in 2010 was just over $5 billion. This means in 
general that the WEEE generated annually in the world corresponds, in terms of wealth creation, about a 
deposit with a return of 0.71% of all oil reserves in Brazil added. 
As suggested earlier the WEEE management can be perceived in a similar way to the management of 
exhaustible resources, because its components, as well as exhaustible natural resources, according to 
Zimmermann [20], "are not but become" having their stocks either expanding or contracting in response to the 
wishes and actions of men, and technological conditions, economic and political. " 
The use of exhaustible resources options is related to intertemporal decisions, which imply a cost of use for 
the present generation to compensate future generations. Such intertemporal decisions depend on the interest 
rate (δ) and the NAV. The result of such decisions implies the magnitude of the negative externalities of stock 
of WEEE for the planet. These negative external stock of WEEE occur as the constituents of the same have 
their risk of oxidation degradation, leaching and high solubility as it remains stored and do not suffer 
interference for recycling, for example see [21]. 
In order to simulate the relationship between stock of WEEE and its impact (environmental and economic) it 
was considered an environment with stock of WEEE equal to zero and that, in the first year, this stock (S) is 
equivalent to all WEEE produced in the same year, disregarding recycling or other forms of reducing the 
WEEE, variable denoted by r. Thus, we have: 
 
S1 = WEEE1     (1) 
 
Considering that S1 is the stock in the first year and WEEE1 the value equivalent to the amount of WEEE 
generated in the first year. 
 
From the second year onwards we have: 
 
Sn = WEEEn + (1 -r) Sn-1   (2) 
 
Considering Sn as the stock in a year “n”, WEEEn as the amount equivalent to the amount of WEEE 
produced this year "n" and Sn-1 the stock resulting from previous years. 
 
Thus, potential environmental pollution and even the economic impacts are the result of WEEE 
accumulation in the environment. It is noted that, when the stock of WEEE is small, so the potential for 
environmental pollution and the economic impact are too. The reverse is also true reasoning. 
In the case of WEEE, components prices vary the pace of market interest rate indicating strong appreciation 
of consumer electronics products by consumerism and pent-up demand requiring therefore higher recycling rate 
in order to avoid the practice of disposal in landfills. Already the collection, transportation and recycling of 
WEEE have their full benefit quantified indirectly by recurrence to market values of its components 
(considering only televisions, computers and mobile phones, as already mentioned here), which is at least $5 
billion. 
693 Marcus Vinicius F. de Araujo et al. /  Procedia Computer Science  55 ( 2015 )  688 – 697 
2.2. Technology RFID - Radio Frequency Identification in the context of Waste Electrical & Electronic 
Equipment (WEEE) management. 
In front of a great potential global social benefit becomes important to have efficient management involving 
production, consumption and waste. Such management involves the joint management of natural capital, 
consumerism and externalities management [22]. 
Specifically in the case of WEEE, given the potential transactions and environmental problems of poor 
waste management, opens space for a collaborative agreement in society through social, economic and 
environmental improvement [23]. Usually solid waste has been managed through inventories and 
documentation enabling the identification of the generator, the carrier and the receiver for this residue. 
Barlaz and Loughlin [24] state that, around the world, a wide range of policies, standards and government 
programs are being implemented for WEEE management, by entering more and more strategies to create 
opportunities to reach the environmental targets and lower costs and maximum benefits to society. This is the 
case of the National Policy on Solid Waste in Brazil. 
In considering the RL, Leite [25] point out that the efficient management needs to provide specificities 
creating opportunities for tracking at all stages, involving the collection, transportation and disposal of WEEE. 
One of the possibilities for improving solid waste management is waste monitoring in real time through RFID 
technology. This technology supports the operational management, answering routine questions and monitoring 
transaction flows in an organization [26]. 
The RFID technology works with the identification through a wireless system making use of 
electromagnetic radio frequency fields to transmit information between a tag and a reader [27]. 
What is proposed for the WEEE management is the intensive use of this technology by associating a mobile 
data transmission (transponder) to each batch of WEEE collected in order to make it possible to track the waste 
at any stage, avoiding, for example, illegal disposal, transport fraud and inconsistencies in emission factors of 
waste from industrial processes of electronics manufacturing. 
To create value from all the collected information it becomes necessary to use a middleware for filtering the 
collected data. The middleware consists of a range of software components that manage the flow of 
information between the RFID hardware (tags, antennas, readers, sensors, printers) and Management Systems 
(such as ERP - Enterprise Resources Planning and SCM - Supply Chain Management). 
The functioning of RFID technology occurs when the information of a product is recorded on stickers for 
RFID. This tag is attached to the product and the information contained therein is read by an antenna and 
readers through radio frequency. The management of information distributed along the supply chain is 
performed by the middleware [28]. 
The middleware manages the flow of information between the RFID hardware (antennas, readers, sensors, 
RFID printers), identifies the events associated with this information and performs integration with 
management systems. 
The information flow can occur from the tags for the management systems (read stream) and those for tags 
(recording flow), enabling integration between the electronic information and management systems. 
It is worth mentioning that problems can occur in using this technology leading to undesirable results, being 
necessary to have security of information generated by such an identification system in WEEE management. 
For example, when there is a flow of information via radio frequency between a tag and a reader is common to 
occur interference caused by local factors such as proximity to metals, high moisture, extreme temperatures, 
electric motors or combustion, among others. 
Those interferences can cause information transmission errors between the tag and the reader, making the 
use of RFID in WEEE management requires additional investments in research and development to best 
"shield" system. 
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This necessity is ratified by Park, Koh and Nam [29] considering the fact that there are few studies on the 
adoption of RFID in WEEE management in countries such as the UK, South Korea, China, India, Brazil and 
South Africa and many research is needed to better understand the results to be obtained by the use thereof. 
A scenario analysis through SWOT matrix for the use of RFID in WEEE management is shown in Figure 1. 
It is important to note that the development of such SWOT matrix confirms the need for reorganization 
regarding to the production of goods, consumption of them, research / innovation in WEEE management 
strategies and other waste generated in the world, combining economic efficiency with environment efficiency 
[30]. 
 
 POSITIVE NEGATIVE 
 
 
E
X
T 
E 
R
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A 
L 
 
- Increasing control by environmental agencies for fining potentially 
polluting activities; 
- Increased awareness of pollution from WEEE waste by the 
population in the world; 
- WEEE remote identification providing information on waste type, 
quantity, packaging, environmental licenses of generator, carrier 
and receiver, routes and other details that deem necessary; 
- Development of high-performance administrative structures to 
monitor the RL process of WEEE; 
- Exclusively formal market development and committed to the 
conservation of the environment; 
- Employment generation. 
 
- Corporate culture for investments in environmental control 
still precarious and resistant; 
- Gap between still significant number of tax and duties 
thereof; 
- Existence of harmful practices of cultures to the 
environment rejecting any cost increase generated by more 
effective control (RFID); 
- Lack of incentive to the practice of planned obsolescence of 
electronic products; 
- Lack of incentive to reduce electronics consumerism. 
I 
N
T 
E 
R
N
A 
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- Greater security for integrated management systems of companies 
through the remote identification of WEEE; 
- Ability to future partnerships with environmental agencies and 
universities due to the educational character and the training that the 
proposal has; 
- Scope of activities allowed in the environmental licenses reducing 
the share of unprepared people in the WEEE management chain; 
- Insurance value reduction related to "environmental claims" for 
greater control provided by RFID adoption in WEEE. 
 
- Possibility of interferences in the transmission of 
information by radio frequency due to the components 
present in WEEE and environmental factors / potentially 
interfering sites; 
- Secrecy break of transponders and / or information storage 
location; 
- Lifting marginal costs of producers with possible on lending 
via electronic product pricing system. 
Fig. 1. Scenario analysis using RFID in WEEE management for companies. 
3. Economic Analysis 
The economic evaluation of costs and benefits is an application of the economy of welfare and therefore 
includes the measurement of economic and social aspects [31]. In the case discussed in this article is necessary 
to point out that the suggestion of the use of RFID technology in the reverse logistics WEEE is actually a 
persistent market failure correction strategy, even though prevailing Law 12305/2010 in Brazil. 
The low cost of disposing unduly WEEE anywhere, especially by consumers, makes room for a significant 
divergence between the private cost and the social cost. Once implemented RL such marginal costs, denoted 
respectively by PMgC and SMgC grow significantly, reducing, however the private and social marginal 
benefits, denoted respectively by PMgB and SMgB.  
The introduction of RFID technology adds a private marginal cost, denoted by MgRFIDC, very small - as 
previously mentioned - and constant and in another way enables a reduction of environmental damage due to 
the more efficient control of the WEEE management. 
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Figure 2 illustrates the previously described opportunity to the vision of obtaining a socially optimal level of 
recycling (Q*) the components found in WEEE. This level reflects the condition of maximizing total profits, 
given the scope of the condition for maximum efficiency, which has a smaller amount of recycling than that 
desired by the market (Qp). 
Fig. 2. Theoretical assessment of cost-benefit. 
By taking the year 2010 and considering Figure 2, it is seen that the maximum total benefit, calculated in 
Section 3, would be $5 billion obtained from the integration of the area under the SMgC curve in the range of 
zero tons and a supply of WEEE (WEEEn) equal to 1,487,440 t. 
It is noticed then that the optimal level of recycling (Q*) will lead to maximum economic efficiency 
condition where the marginal profit is zero, thus maximizing the total profit. This amount was, in 2010, less 
than $ 5 billion and, in turn, the smallest amount recycled 1 487,440 t. 
Table 1 has an amount recycled in 2010 equivalent to 351,240 t, which could suggest that this value the 
optimal quantity (Q*), but it is not possible to say that due to the no knowledge of the equations governing the 
curves costs and benefits in screen. 
Such knowledge needs a longer and continuous data collection considering that in the specific case of Brazil, 
the WEEE Reverse Logistics is still in the learning curves construction stage and therefore does not benefit 
from economies of scale, not providing maximum efficiency and secure investment decisions in WEEE 
management. This observation raises further the costs of uncertainties and benefits when introducing RFID 
technology in RL since there is no published cases on the application of such technology in WEEE 
management in Brazil.  
However the introduction of RFID technology in Reverse Logistics WEEE increases the potential for 
surveillance practices and contributes to better performance of administrative structures of WEEE, avoiding 
cases of government failure by damaging omission [32]. As the scenario analysis through the SWOT matrix 
presented in Section 4, favorable aspects of performance improvement include the private initiative by 
incorporating additional criteria and controls in the RL, as Min and Kim [33] pointed out. 
4.  Final considerations 
The marginalist economic assessment carried out in this article highlighted the existence of an optimal level 
of recycling which is not the maximum. This is due to the difference between private costs and marginal 
PMgB 
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PMgC + MgRFIDC 
SMgB 
C
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it 
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) 
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benefits, and social costs and marginal benefits, given the existence of market imperfections. Those 
imperfections make the WEEE management in Brazil does not benefit from economies of scale being very 
dependent on regulatory instruments for its operation [9-10-33]. 
Huisman, Schuelp et ap. and Zimmermann [16-18-20] provide information that enables the proposal of 
strategy to explore the WEEE management taking maximum economic advantage through profit by selling 
their components. The inclusion of RFID in WEEE management as a way to reach environmental goals at 
lower costs and greater benefits to society enables the elimination of market imperfections in order to reach the 
social optimum [23-24]. 
Even with government actions to correct those market imperfections, such as the application of Law 
12,305/2010 in Brazil, these adjustments meet the learning curve involved with the practice of RL of WEEE 
and their interfaces, especially with the environmental licensing generators, transporters and receptors of this 
type of waste. 
The knowledge of these learning curves should be the next step in search of full power operation efficiency 
of reverse logistics of WEEE by inserting the RFID technology, in order to WEEE managers assist in the 
measurement of costs and benefits that enable distributional issues intra and intergenerational pondering the 
same depending on the chosen social values. 
This complete assessment of social welfare variations, as shown here, has resulted in the better decision 
making evoking the motto adopted by the German Energy Agency, "Effizienz entscheidet" (efficiency decide). 
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